transit either in the steady state (Chinard et al. 1960) or after injections of concentrated bicarbonate into the mixed venous blood (Latimer & Laszlo, in preparation) . Isotonic fluids in isolated lung lobes acquire the composition of a dialysate of plasma (Laszlo, unpublished observations) . This presumably reflects the extravascular extracellular composition of the lung. If the volume of this space were normally very small, the barrier to the diffusion of labelled bicarbonate might theoretically be at the alveolar cell membrane rather than at the pulmonary capillary membrane.
Turning now to the question of diffusion equilibrium for C02, Wagner & West (1972) have recently published a valuable theoretical analysis similar to a Bohr integration of the time course of CO2 and oxygen exchange in pulmonary capillaries. They showed that the time course for equilibration, as a fraction of the total venousalveolar pressure difference, is slower for CO2 than for 2. Further calculations (Wagner, personal communication) confirmed this finding even when the venous-arterial CO2 pressure difference was widened, during exercise. The main reason appears to be that the mass of 02 requiring to be transferred towards the end of the capillary transit time is not very great, because of the relatively flat 02 dissociation curve. Since the CO2 dissociation curve remains steep throughout the range of gas exchange in vivo a very much higher transfer factor is required to allow the necessary bulk of CO2 to be excreted and alveolarcapillary equilibrium approached. A membrane transfer factor only twenty times that of oxygen appears to be barely sufficient for alveolar capillary equilibrium in heavy exercise. If the speed at which the lung absorbs and gives up CO2 is fast enough to increase the effective solubility of C02, membrane transfer would be considerably facilitated. Although this improves matters, the rate of reaction of CO2 still makes CO2 equilibration slower than that of 02 according to Wagner's calculations. The imposition of a serious membrane transfer defect has a similar effect on 02 and CO2 equilibration, if CO2 diffusing capacity is assumed to be only 20 times that of oxygen. 
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DISCUSSION
Dr K B Saunders said that several models had set out to show failure of CO2 equilibration but experimental evidence proved otherwise. Dr Laszlo agreed that there was good evidence for alveolar-capillary CO2 equilibrium under most conditions. Wagner & West made the important didactic point that a very much greater transfer was necessary for CO2 than for 02 because of the greater solubility of CO2 in blood. Without this, CO2 exchange would be hampered.
Dr J M B Hughes (Department ofMedicine, Royal
Postgraduate Medical School, London W12) Regional Differences in Gas Exchange Regional differences in alveolar and end-capillary Po2 and Pco2 are principally caused by variations in alveolar ventilation-perfusion (VA/1) ratios.
Regional VA/0 ratios can be calculated directly from expired gas collections from different lobes, or indirectly by external counting following the injection and inhalation of radioactive gases. Analysis from gas collections by broncho-or lobar-spirometry (Mattson & Carlens 1955 , Martin & Young 1957 , Hugh-Jones & West 1960 is in general confined to a whole lung or lobe because of the presence of collateral flow between segments within a lobe (Van Allen et al. 1931). The respiratory exchange ratio and CO2 production are measured from the lobar mixed expired gas; if the CO2 and 02 composition of the inspired gas and mixed venous blood is known, the average VA/C ratio and blood flow of the lobe can be calculated. The lobe or region is assumed to be homogeneous.
With radioactive gases such as 1502-labelled CO2 (West & Dollery 1960) and xenon-133 (Ball et al. 1962) regional differences of blood flow and ventilation have been described in more detail. With external counting the lungs are divided into horizontal slices or zones rather than lobes. From separate measurements of the regional distribution of ventilation and blood flow, West (1962) calculated regional gas exchange for the upright lung divided into nine zones. Using a continuous intravenous infusion of xenon-133 Anthonisen et al. (1966) described a steady state method of determining regional PA/C directly from regional count rates.
There is general agreement amongst these methods that blood flow is greater in the dependent lung zones, independent of body position, and that variations of ventilation are small compared to those of perfusion. In the erect position, the PA/Q ratio at the apex is about 5 times that at the base (3.0 to 0.6) and alveolar Po2 varies, top to bottom, from about 125 to 85 torr, The local response to hypoxia is of some interest. Von Euler & Liljestrand (1946) proposed that local hypoxia redistributed blood flow to better ventilated parts of the lung. In man, hypoxia in one lung diverts pulmonary blood flow to the other (Arborelius 1965). Lowering the oxygen concentration of the gas ventilating a lobe of the lung in anesthetized cats and dogs produces a systematic fall in lobar blood flow (Barer et al. 1970 ). In spontaneously breathing animals we have shown (Davies et al. 1973 ) that at a lobular level hypoxia profoundly affects local blood flow but does not alter ventilation. Local readjustments of flow occurring in the lung periphery may be a homeostatic mechanism of importance in disease.
In disease, particularly when it is widespread, measurement of local gas exchange is much more difficult. For efficiency of gas exchange it is the distribution of VA/Q ratios which matters, not the mean value. Separate measurements of zonal ventilation and perfusion distribution (with xenon-133) are meaningless in terms of gas exchange because the inhomogeneity within the counting region is not known. Radioactive clearance measurements following intravenous infusion will detect areas of low iA/C but give no information about the distribution around the mean value or of alveoli with high iA/C ratios.
Similar considerations apply to lobar sampling of expired gases; unless disease is confined to one lung or one lobe, regional sampling will not provide much more information than gas analysis at the lips. Hughes said, in answer to questions, that compensatory vasoconstriction in the pulmonary circulation in response to alveolar hypoxia might be less intense in man than in some other mammals: the reason for the difference was not yet known.
Dr F Moran and Dr A I Pack (Centre for Respiratory Investigation, Royal Infirmary, Glasgow C4)
Measurement of Ventilation-perfusion Distribution
Only in an ideal lung would all 3 x 108 alveoli receive an equal proportion of the pulmonary alveolar ventilation (PVA) and pulmonary perfusion Q. Any maldistribution of PA in relation to C will result in a difference between the average partial pressure of gases in alveolar air and in end-capillary blood (A-aD) since areas of high VA/Q (low Paco2, high Pao2) contribute more to ventilation than to perfusion, while areas of low VA/0 (low Pao2) contribute more to perfusion than to ventilation. In the air-breathing subject A-aDCo2 is affected mainly by zones of high VA/0 and a-ADN2 mainly by zones of low VA/C (Canfield & Rahn 1957 , Farhi 1966 . A-aDo2 is affected by both and also by right-to-left shunting and by maldistribution of diffusing capacity in relation to perfusion (Piiper 1961 al. 1963 al. , Farhi et al. 1963 . Mean values of A-aDo2 and a-ADCo2 for selected groups of patients from our laboratory are in keeping with expected trends. In general, increasing severity of mechanical abnormality is associated with increasing A-aD, with obstructive defects having a relatively greater effect than restrictive defects. But the variance in such measurements is so great that only exceptionally are they useful in discriminating between groups. A-aD thus give a broad indication of the degree of overall iA/Q abnormality but are of limited value in determining the specific pattern of distribution.
An alternative approach to the problem is to analyse ventilation-perfusion distribution in terms of conceptual models of the lung, of which the best known and most widely applied is the Riley analysis (Riley & Cournand 1949 , 1951 , Riley et al. 1951 . This is based on the concept of 'ideal' alveolar air, of which the P02 and Pco2 are those which, if they existed throughout the lung, would be compatible with the quantitative aspects of gas exchange in that subject. The analysis thus considers the lung as if it consisted of three groups of alveoli: (1) Ideal alveoli (containing gas at ideal Po2, Pco2). (2) Ventilated, unperfused alveoli (alveolar deadspace; VA/C= oo). (3) Perfused, unventilated alveoli (venous admixture; PA/C==O).
Despite its limitations this analysis has been widely applied to the description of abnormalities which characterize a number of diseases. Further
